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Abstract. This paper discusses the comparison of two methods to achieve thermal comfort 

utilising air conditioning (AC) system in a small indoor space – adaptive control and fuzzy 

control. Thermal comfort indoors is performed to provide comfortability individually or for a 

group of people. Due to the small indoor space which usually a bit cramped, crowded and less 

airy, the ambience can be very uncomfortable either for doing sedentary or active work, thus 

the AC system can be very useful to provide thermal comfort. Both methods can be utilised 

depending on how thermal comfort is viewed and how the level of thermal comfort is decided. 

Every method has its own advantage and limitations, and will be covered in this paper as well. 

1. Introduction 

The definition of thermal comfort in The American Society of Heating, Refrigerating and Air-

Conditioning Engineers (ASHRAE) is the state of mind that is satisfied with the thermal of 

environment [1][2]. Thermal comfort is very important especially indoors as occupants really want to 

live and spend their time comfortably within the space. There are a lot of parameters when defining 

thermal comfort. The most common parameters are air temperature [3], air velocity [4], radiant 

temperature and humidity [2]. Apart from these, others are also considering others such as weather 

forecast [5][6], energy consumption [7][8],  air ventilation [9][10], space size [11], building materials 

[12][5] and many more. There are also parameters that are individual-based and more to establishing a 

personal or a meticulous thermal comfort. These parameters includes metabolic rates [13][14], zone 

temperature in a space [15], clothing insulation [16][10], and activity level [4]. 

 

All of these parameters can affect the thermal comfort of individual or a space indefinitely and every 

individual perception of thermal comfort differ from each other although they are technically in the 

same space [17]. With this information in mind, a more general approach in identifying the level of 

comfort needs to be established. Thus, Predicted Mean Vote (PMV), an index suggested by Fanger, 

and accompanying Predicted Percentage of Dissatisfied (PPD) were developed that aims to predict the 

mean value of votes of a group of occupants on a seven-point thermal sensation scale as in Table 1 

[16]. 
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Table 1. Thermal Sensation Scale [16]. 

 
 

 

Linear relationships of mean skin temperature and evaporative heat loss required for comfort at 

different activity levels were the basis of Fanger’s model [18]. Six variables were used in Fanger’s 

model which is relative air velocity, humidity, air temperature, mean radiant temperature, activity 

level and insulation value of the clothing. Even though Fanger introduced the PMV, it is still common 

knowledge that there is no definite way to objectify the sensation of thermal environment. But it is 

well accepted that the Fanger’s thermal sensation scale is the most widely used today and it is 

primarily used in ISO Standard 7730 (1994) [18].  

 

Air-conditioning (AC) system is one of the tools that can be used to control the thermal comfort 

environment indoors  [19]. The usage of AC nowadays increased significantly, especially in hot and 

humid countries [13]. Generally, the AC only takes into account the temperature of the environment 

instead of human thermal comfort. Furthermore, energy efficiency is only often considered in the 

design of the system [20].  

 

In addition to that, it is common sense that there is different thermal preference for each and every 

person in an air-conditioning room [21]. Controlling the thermal comfort will save a lot of energy 

where the controller can consider the thermal comfort of the individual person or the group within the 

room and use the control model to maintain the thermal comfort without wasting more energy in 

maintaining the environment of the room. Thus, appropriate methods can be utilised to be integrated 

with the AC in providing a thermal comfort ambience, and the two-mostly used, which are adaptive 

control and fuzzy control, will be discussed here. 

2. Thermal Comfort Methods 

2.1. Adaptive Control 

Adaptive control is an approach to deal with systems with uncertain and/or time-varying parameters 

[22]. It is a system that adapts to the parameters that occurs and changes the system according to the 

new parameters that the system received. This changes then will affect the outcome of the system. By 

using adaptive control on thermal comfort, for instance, in a flight cabin, the thermal environment can 

be simulated and the adaptive control system can be implemented. By taking into account the air 

pressure, weather forecast and humidity in the cabin, the system can calculate the thermal comfort of 

the cabin with regards to Table 1 [23]. This basically saying that if there is discomfort due to changes 

in certain parameter, people will react and try to restore their comfort [1]. 

 

By incorporating adaptive control into thermal comfort, all the feedback from the parameters can be 

fed back into the system. With this, the system can keep up with either the comfort temperature, 

humidity, or any other parameters that being evaluate, provided, the system’s feedback loop is fast 

enough to make the changes needed. An example of adaptive control can be seen in Xu Wei [1]. 
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Figure 1. Xu Wei’s Thermal Comfort Adaptive Model [1] 

 

Thermal comfort adaptive model in Figure 1 shows the basic closed-loop control where aPMV is a 

group of people’s thermal impression, including psychology and behavioural alterations [1]. δ is the 

physical stimuli, G is transfer function (human’s thermoregulatory system and thermal sensation), K 

represents psychological and behavioural impact coefficient, where Equation (1) can be derived: 

 

     aPMV = G × δ – aPMV × K × G         (1) 

 

In other words, aPMV could also be defined as in Equation (2): 

 

               aPMV = 
1

G

K G



+ 
           (2) 

 

The steady-state of the model can be shown as Figure 2. 

 

 

 
Figure 2. Steady-state model 

 

The equation from Figure 2 can be shown as in Equation (3): 

 

             PMV = G × δ          (3) 

 

By substituting Equation (3) into Equation (2), we get 

 

 

     aPMV = 
1

PMV

PMV+ 
         (4) 

 

From Equation (4), λ = K / δ, where λ is the adaptive coefficient [1], and with the assumption of: 

 

              δ = Tm - Tn           (5) 

 

where Tm is the air temperature, and Tn is the thermal neutral temperature. It is defined that when Tm is 

higher than Tn, the environment is warm and when Tm is lower than Tn then it is cool condition. 
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When the condition is warm, Equation (4) illustrates that Tm > Tn , λ = K / (Tm – Tn) > 0, PMV is 

bigger than aPMV. In winter, Tm < Tn , λ = K / (Tm – Tn) < 0. If λ = 0, aPMV = PMV which means 

there is no adaptive actions and this is the same as PMV model in Figure 2. 

 

Based on the proposed model, the system can adapt to the temperature, therefore saving energy [1]. 

 

2.2. Fuzzy Control 

Fuzzy control is a controller that uses fuzzy-logic, i.e., a system that uses a series of rules to generate a 

result for each rule, then combine the results of the rules. This concept of the system usually would use 

the IF-THEN rules. Fuzzy logic normally incorporates parameters such as clothing insulations, activity 

level and air temperature in thermal comfort [4]. 

 

Example work utilising fuzzy control is in [24]. The most important task is implementing the model 

into the air-conditioning fuzzy controller: 

 

     f (Ts × Hs × Vs × Tin × Hin)        (6) 

 

where Ts = air-conditioning temperature setpoint, Hs = air-conditioning humidity setpoint, Vs = air-

conditioning velocity setpoint, Tin = indoor temperature, Hin = indoor humidity. {Ts , Hs , Vs} is the 

input set and {Tin , Hin} is the output set.  

 

A degree-based fuzzy sets need to be specified first for {Ts , Hs , Vs} and {Tin , Hin}, where: 

 

ETs = {ts1 , ts2 , ts3} ; EHs = {hs1 , hs2 , hs3} ; 

 

EVs = {vs1 , vs2 , vs3} ; ETin = {tin1 , tin2 , tin3} ; 

 

     EHin = {hin1 , hin2 , hin3}          (7) 

 

 

Assuming that {Ts , Hs , Vs , Tin , Hin } has a fuzzy relation among each other and known as ∑, or in 

other words, ∑ is a fuzzy on Ts × Hs × Vs × Tin × Hin, then there is the membership degree as: 

 

( , , , , ) pq

si sj sk inp inp ijkt h v t h  = , 

           p = q = 1 , 2 , 3 ; i = j = k = 1 , 2 , 3        (8) 

 

By arranging {
pq

ijk } into a matrix: 

 

                                                         (9) 

 

Equation (9) can be inversed to obtain the fuzzy relation between indoor thermal and the AC [24]. 

 

 



International Conference on Man Machine Systems (ICoMMS 2021)
Journal of Physics: Conference Series 2107 (2021) 012053

IOP Publishing
doi:10.1088/1742-6596/2107/1/012053

5

 
 
 
 
 
 

Given a set of  ,in in in int T h H   that in dual structure, they are fuzzy sets. Their vector forms are 

,
in int hV V , thus, the corresponding controls , ,s s st h v  is produced by the fuzzy controller as: 

 

            
1 ( )

s s s in int h v t hv v v M V V−

=           (10) 

 

From the fuzzy mapping, the result can be turned back to control values. Joined Defuzzification (JD) 

is used [24]. 

 

           
3 3

1

3 3
1 1

1 1

( , , ) (1)
s s s

ijk
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p q
ijk

i k

b
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= =

 
 
 =
  
 


 

      (11) 

 

3. Analysis 

The adaptive control is much more direct than the fuzzy control as adaptive controller mostly takes 

into account the Fanger’s thermal sensation scale for the decision making and this will make the 

thermal comfort data closer to practical application. Fuzzy control alone is quite good enough to make 

a good decision on thermal comfort but surely it is not enough to get an accurate picture on a real-time 

case. To get a more accurate result, two or more controller is needed to make sure that the data is 

accurate. Furthermore, the more the parameters is available for the input of the controller, the system 

can become much more accurate in regulating the temperature for thermal comfort of the given space 

or individual preferences. At the end, a hybrid method that incorporate both the adaptive and fuzzy 

control would be more feasible for a real-time practical usage in determining the thermal comfort in a 

space or a specific individual preference of comfort. 

 

Fuzzy control can give a more comfortable thermal conditions and can save energy by 18% [20]. 

Fuzzy control also gives better comfort at a lower cost [4]. Adaptive control can control the 

temperature at a specified values [23] which in turns, can make achieving optimum thermal comfort 

faster and more accurate. Between these two methods, the best in terms of cost efficiency may be 

fuzzy control but in term of how fast a person would like to achieve thermal comfort, adaptive control 

might be the best choice. 

 

4. Conclusion 

This paper presents a review on two methods that are utilised in creating thermal comfort utilising AC 

in a small indoor space – adaptive control and fuzzy control. There are also other methods that can be 

found in the literature but these two methods are the most widely used. Combining adaptive control 

and fuzzy control will make the system performs better rather than when a single controller is used. 

The downside of using multiple controllers is when one of the parameters is falsely obtained, the 

whole system might give a wrong result with a high probability of damaging the thermal comfort 

status. To eliminate this problem, an extensive research is needed to obtain the correct data and to 

rectify any problems that arise in the controller model. 
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